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METHOD FOR PROLONGING THE EXPRESSION OF A GENE OF 
INTEREST USING SOLUBLE CTLA4 MOLECULES 

Gene therapy holds great promise for the treatment of many diseases that now lack 
specific therapies (Friedmann T. Progress toward human gene therapy. Science 
1989;244:1275; Verma IM. Gene therapy. Sci Am 1990;263:68; Miller AD. 
Progress toward human gene therapy. Blood 1990;76:271; Karson, EM. Prospects 
for gene therapy. Biol Reprod 1990;42:39). 



For example, human cancer is often associated with aberrant gene expression or 
mutations in specific genes, and it is possible that neoplastic processes can be altered 
by gene therapy. Alternatively, tumor cells altered by gene therapy may be 

10 destroyed by the insertion of toxic genes or genes rendering them sensitive to 
chemotherapeutic agents. Another approach to inactivating neoplastic cells is to 
insert an antisense oncogene into the tumor cells. These genes are transcribed in 
the reverse orientation to the oncogene. Because the sequences are complementary, 
the mRNAs hybridize; the oncogene activity is depleted because the gene cannot be 

15 translated (Friedmann T. Progress toward human gene therapy. Science 
1989;244:1275). 

Bone marrow is a suitable target site for gene therapy, because it is readily 
accessible and manipulable in vitro and contains stem cells to perpetuate the altered 
20 genotype. Liver and the central nervous system are also potential targets for gene 
therapy (Miller AD. Progress toward human gene therapy. Blood 1990;76:271). 

The primary goal of gene therapy is to introduce additional genetic elements into a 
living cell or to replace missing or nonfunctional molecular elements in the DNA 
25 of a living cell so as to target and repair alterations within living cells that lead to 
disease in man (Culver et al., Lymphocytes as cellular vehicles for gene therapy in 
mouse and man, PNAS USA, 88:3155 (1991)). 
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Depending on the disease being treated, three strategies for gene therapy may be 
adopted. Dysfunctional genes may be replaced, altered to become functional, or 
augmented with healthy genes working at different loci within the cell. Of these 
options, gene augmentation therapy is currently the most feasible. An example of 
gene augmentation is the addition of a functional adenosine deaminase gene to cells 
from patients with severe combined immunodeficiency (Friedmann T. Progress 
toward human gene therapy. Science 1989;244:1275; Verma IM. Gene therapy 
Sci Am 1990;263:68; Miller AD. Progress toward human gene therapy. Blood 
1990;76:271; Karson, EM. Prospects for gene therapy. Biol Reprod 1990;42:39). 

Prerequisites for gene therapy are understanding the defect of the disease and having 
a normal functional gene cloned and characterized. Genes are introduced by several 
methods. 



15 Gene therapy may involve transferring genes into ceUs in culture and then 
transplanting the cultured cells into a subject (ex vivo approach) or directly 
delivering genes into a subject for in situ gene transfer into cells (in vivo approach). 

In both the in vivo and ex vivo approach, virus vectors have been exploited as 
20 delivery vehicles for the genes of interest. The viral genomes are altered to render 
them nonvirulent but capable of infecting certain cell types. An advantage of 
retroviral vectors is the fact that the introduced DNA is efficiently integrated into 
the host chromosome. The functional replacement gene is inserted in a position 
within the viral genome to render it capable of being expressed after it has entered 
25 the appropriate tissue. The virus is then administered to the patient or the target 
cells to allow transformation to the desired functional phenotype. A disadvantage 
of retroviral vectors is the need for cell replication for efficient gene transfer. In 
contrast, adenovirus vectors do not require cell replication, but the introduced DNA 
is not integrated into the host chromosome. 

30 

These recombinant viral vectors, including adenovirus vectors, are efficient at 
transferring genes into somatic tissues but are limited for use in clinical gene 
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therapy by immunologic factors that result in the rapid loss of gene expression and 
inhibit secondary gene transfer. Specifically, gene expression is transient, generally 
lasting no more than several weeks because of a cellular immune response directed 
against transduced cells (Y. Yang et al. (1994) Proc. Narl a.,h m ttca 91> 
5 4407; Y. Yang, H.C.J. Ertl, J.M. Wilson (1994) J^mmmiity. 1, 433). This limitation 
may be circumvented by using soluble CTLA4 molecules which result in prolonging 
gene expression. 



10 



CTLA4 is a cell surface antigen normally found on T cells. CTLA4 binds to the 
B cell activation antigen B7. A soluble CTLA4 molecule, i.e., CTLA4Ig, has been 
shown to inhibit immune responses dependent on the interaction between T and B 
cells (Linsley et al, J. Exp. Med 173:721-730 (1991). 

The use of soluble CTLA4 molecules in immunotherapy greatly enhances the 
15 likelihood that recombinant viral vectors will be useful for human gene therapy. 
SUMMARY f>F T1H E INWNTTAM 

The present invention is directed to a method for prolonging the expression of a 
gene of interest by a cell. In this method, the cell comprises a recombinant nucleic 

20 acid sequence encoding the gene of interest and is capable of expressing the gene 
of interest. This method provides the step of contacting the cell with an amount of 
a soluble CTLA4 molecule effective to prolong the expression of the gene of interest 
by the cell. Alternatively, when the cell is located in a subject, the method 
comprises administering to the subject an amount of soluble CTLA4 molecule, 

25 which effectively prolongs the expression of the gene of interest by the cell. 

The present invention also provides a method for treating a subject suffering from 
a disease. In accordance with the method, at least one cell of the subject (a) 
comprises a recombinant nucleic acid sequence for a gene of interest and (b) is 
30 capable of expressing the protein encoded by gene of interest that is capable of 
inhibiting the disease or symptoms associated therewith. This method comprises 



WO 96/39514 



PCT/US96/08974 



4 

administering to the subject an amount of a soluble CTLA4 effective to enhance the 
amount or duration of expression of the gene of interest by the subject. 

BRIEF DESrunmnw OF the pircifTlgFg 

5 

Figures 1A-D are line graphs showing adenovirus mediated gene expression with 
coadministration of soluble CTLA4Ig. Each line represents an individual animal. 



10 Figures 2A-C are line graphs showing the results of spleen proliferation 



assays. 



Figure 3 is a photograph identifying hepatic inflammatory cells through 
immunohistochemistry . 

DEFINITION 



As used in this application, the following words or phrases have the meanings 
20 specified. 



As used herein a "gene of interest" means any DNA or RNA molecule which 
encodes a protein or nucleic acid sequence. 

25 As used herein a »non-CTLA4 protein sequence" means any molecule which does 
not bind B7 and does not interfere with the binding of CTLA4 to its B7 antigen 
target. 

As used herein "the extracellular domain of CTLA4" is any portion of CTLA4 
30 which recognizes and binds the B7 antigen. For example, an extracellular domain 
of CTLA4 is described in Linsley et al., L_&!LMe<L 173:721-730 (1991); Linsley 
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et al. "Immunosuppression in vivo by a soluble form of the CTLA4 cell activation 
molecule" Science (1992) 257(5071)792-795. 

As used herein "soluble CTLA4" means a circulating CTLA4 capable of binding to 
B7. Examples include but are not limited to the extracellular domain of CTLA4 or 
the extracellular domain of CTLA4 fused (genetically or chemically) to a 
biologically or chemically active molecule such as CTLA4Ig, CTLA4-env gpl20, 
CTLA4-p97, CTLA4-ova, and CTLA4-E7. 

10 As used herein "gene therapy" a process to correct a disease by genetic 
manipulation. 



As used herein "viral vector" a carrier nucleic acid molecule (1) into which a gene 
of interest can be inserted for introduction into a host cell where it will be expressed 
15 and (2) which is derived from a virus. 

In order that the invention herein described may be more fully understood, the 
following description is set forth. 

20 METHODS OF THE INVENTION 

This invention relates to the discovery that an effective amount of soluble CTLA4 
enhances the expression of a gene of interest by a cell by permitting its prolonged 
or persistent gene expression. In a preferred embodiment of the invention, the gene 
25 of interest is part of a recombinant nucleic acid sequence such as a recombinant 
viral vector. Recombinant viral vectors are described herein. 

In one embodiment of the invention, enhancement of gene expression is effected by 
contacting the cell with an amount of the soluble CTLA4 molecule so as to inhibit 
30 an immune response. Alternatively, enhancement of gene expression is effected by 
administering to a subject an amount of a soluble CTLA4 so as to inhibit an immune 
response thereby achieving persistent viral gene expression without long-term 
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20 



immunosuppression. Additionally, the combination of a soluble CTLA molecule 
and an antiCD40 ligand (MR1) prolongs gene expression and allows secondary gene 
transfer. An antiCD40 ligand is any molecule which recognizes and binds the CD40 
ligand, e.g., an antibody (monoclonal antibody, polyclonal antibody, chimeric 
antibody, humanized antibody, or fragments thereof) or a recombinant binding 
protein, e.g., a fusion protein. 

Soluble CTLA4 molecules may be adrninistered during gene therapy, before gene 
therapy, or after gene therapy. Further, administration of soluble CTLA4 is useful 
even after subsequent adrmnistrations of genes through in vivo or ex vivo 
approaches. The use of soluble CTLA4 molecules may allow successful secondary 
gene expression following a second administration of a gene of interest through in 
vivo or ex vivo approaches that normally would not be possible because of an 
immune response. 

Soluble CTLA4 may be administered by oral means, transdermal means, 
intravenous means, intramuscular means, or by subcutaneous administration. 
Alternatively, CTLA4 may be inserted together with the gene of interest in a viral 
vector and co-expressed. 



The methods of the invention are useful in treating a subject suffering from 
defective, diseased or damaged cells. In particular, use of soluble CTLA4 can 
augment gene therapies in patients suffering from a disease (U.S. Patent No. 
5,399,346, issued March 21, 1995). The likelihood of success in gene therapy is 
25 improved as a result of the enhancement of gene expression and the subject who is 
suffering from a disease is treated more effectively than without the use of soluble 
CTLA4 before, after, and/or during gene therapy. 

In one embodiment of the invention, at least one cell in the subject must comprise 
30 recombinant DNA for a gene of interest. Further, the cell must be capable of 
expressing the protein encoded by that gene of interest so that disease or symptoms 
associated therewith are inhibited. 
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In accordance with the practice of the invention, the subject may be an animal 
subject such as a human, a dog, a cat, a sheep, a horse, a fish, a bird, a pig, or a 



COW. 



5 Presently, several groups are using gene therapy in cancer treatment (Friedmann T. 
Progress toward human gene therapy. Science 1989; 244:1275-1281; Roth JA 
Mukhopadhyay T, Tainsky MA, et al. Molecular approaches to prevention and 
therapy of aerodigestive tract cancers. Review article. Monogr Natl Cancer Inst 
1992; 13:15-21; Mukhopadhyay T, Tainsky M, Cavender AC, Roth JA. Specific 
10 inhibition of K-ras expression and tumorigenicity of lung cancer cells by antisense 
RNA. Cancer Res 1991; 51:1744-1748). 

Researchers have developed protocols for the treatment of experimental brain tumors 
by directly injecting cells producing retroviral particles carrying the herpes 
15 thymidine kinase (TK) gene into brain cancers (Culver KW, Ram Z, Wallbridge S, 
et al. In vivo gene transfer with retroviral vector-producer cells for treatment of 
experimental brain tumors, Cellular Immunology Section, National Cancer Institute, 
National Institutes of Health, Bethesda, MD. Science 1992; 256:1550-1552). The 
incorporation of the TK gene into tumor cells will make them sensitive to the drug 
20 gancyclovir. Use of soluble CTLA4 may enhance the expression of the TK gene. 

The invention further provides a method for treating defective, diseased or damaged 
cells in a subject comprising inserting the Ad/RSV-CTLA4Ig(mu)-BPA or Ad/RSV- 
CTLA4Ig(hu)-BPA vector into cells so that the cells produce the protein encoded 
25 by the gene of interest together with soluble CTLA4 molecules in a sufficient 
amount to ameliorate the defective, diseased or damaged cells in the central nervous 
system. 

The invention further provides a method for treating defective, diseased or damaged 
30 cells in a subject comprising grafting donor cells into the subject. In accordance 
with the practice of the invention, the donor cells are genetically modified. 
Specifically, such donor cells are inserted with the Ad/RSV-CTLA4Ig(mu)-BPA or 
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Ad^SV-CTLA4Ig(hu)-BPA so that such donor cells produce the protein encoded 
by the gene of interest together with soluble CTLA4 molecules in a sufficient 
amount to ameliorate the defective, diseased or damaged cells in the central nervous 
system. 

5 

The invention also provides pharmaceutical compositions for prolonging the 
expression of a gene of interest by a cell, wherein the cell (a) includes a 
recombinant nucleic acid sequence for the gene of interest and (b) is capable of 
expressing the protein encoded by the gene of interest. The composition comprises 
10 a pharmaceutical^ effective amount of Ad^SV-CTLA4Ig(mu)-BPA and an 
acceptable carrier. Alternatively, the composition comprises a pharmaceutical^ 
effective amount of Ad/RSV-CTLA4Ig(hu)-BPA and an acceptable carrier 



15 



CELLS 



The cells which include the gene of interest may be any eucaryotic cell such as 
epithelial cells and connective cells. Epithelial cells are located on every surface 
area of the animal body, even internal areas such as the inner wall of a blood vessel 
or of the stomach. Connective cells include cells which make up bone tissue 
20 cartilage tissue and blood, i.e. , both white and red blood cells. The cell comprises' 
recombinant DNA encoding and is capable of expressing the gene of interest in vitro 



and in vivo. 



The cell may be an animal cell such as a cell from a human, a dog, a cat, a sheep, 
25 a horse, a fish, a bird, a pig, or a cow. 

The donor cells may be producer cells. Further, the donor cells may be autologous 
or heterologous cells. 
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INTRODUCTION OF FOREIGN GENES INTO CELLS 

A variety of techniques are available for the introduction of DNA or RNA into 
cells. Generally, gene therapy involves (1) transferring genes into cells in culture 
and then transplanting the cultured cells into a subject (ex vivo approach) or (2) 
directly delivering genes into a subject for in situ gene transfer into cells (in vivo 
approach). 

For example, the gene of interest may be inserted into a cell directly in a 
10 recombinant viral vector. Other insertion methods are possible. 

For example, in ex vivo techniques, the gene can be inserted into a cell using any 
gene transfer procedure such as calcium phosphate mediated transfection, the use 
of polycations or lipids complexed with DNA, encapsulation of DNA in lipid 

15 vesicles or erythrocyte ghosts, or the exposure of cells to rapid pulses of high 
voltage electric current (i.e., electroporation). DNA has also been introduced into 
cells by direct microinjection or by the use of high-velocity tungsten 
microprojectiles. These techniques are capable of integrating multiple copies of 
DNA into the genome although the efficiency of the integration varies widely with 

20 the technique, different genes, and different cell types. 

Recently techniques have been developed using viral vectors to introduce DNA into 
mammalian cells. These techniques have the potential for infecting all cells exposed 
to the virus. In developing techniques for the use of viral vectors, it was necessary 
25 to develop vectors that stably incorporated into the target cell without damaging it. 

Suitable viral vectors include papovaviruses, simian virus 40, polyomavirus, 
adenoviruses, murine and avian retroviruses. Viral vectors can infect multiple cell 
types. 

30 



WO 96/39514 



PCT/US96/08974 



10 

VECTORS 



5 



Compared to vectors that do not enter cells by receptor mediated events, viral 
vectors are preferred because of their efficiency. Examples of suitable viral vectors 
include, but are not limited to, a retrovirus vector, an adenovirus vector, a vaccinia 
virus vector, a herpes virus vector, or a rabies virus vector. 



The viral vector selected should meet the following criteria: 1) the vector must be 
able to infect the cells of interest and thus viral vectors having an appropriate host 

10 range must be selected; 2) the transferred gene should be capable of persisting and 
being expressed in a cell for an extended period of time; and 3) the vector should 
be safe to the host and cause minimal cell transformation. Retroviral vectors and 
adenoviruses offer an efficient, useful, and presently the best-characterized means 
of introducing and expressing foreign genes efficiently in mammalian cells. These 

15 vectors have very broad host and cell type ranges, express genes stably and 
efficiently. The safety of these vectors has been proved by many research groups. 
In fact many are in clinical trials. 



20 



25 



30 



Other virus vectors that may be used for gene transfer into cells for correction of 
disorders include herpes virus papovaviruses such as JC, SV40, polyoma; 
Epstein-Barr Virus (EBV); papilloma viruses, e.g. bovine papilloma virus type 'l 
(BPV); poliovirus and other human and animal viruses. 

Adenoviruses have several properties that make them attractive as cloning vehicles 
(Bachettis et al.: Transfer of gene for thymidine kinase-deficient human cells by 
purified herpes simplex viral DNA. PNAS USA 1977 74:1590; Berkner, K.L.: 
Development of adenovirus vectors for expression of heterologous genes. 
BiQlr^hjagues, 1988 6:616; Ghosh-Choudhury G, et al., Human adenovirus cloning 
vectors based on infectious bacterial plasmids. Gene 1986; 50:161; Hag-Ahmand 
Y, et al. , Development of a helper-independent human adenovirus vector and its use 
in the transfer of the herpes simplex virus thymidine kinase gene. J Virol 1986; 
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57:257; Rosenfeld M, et al., Adenovirus-mediated transfer of a recombinant « r 
antitrypsin gene to the lung epithelium in vivo. Scjeece. 1991; 252:431). 

For example, adenoviruses possess an intermediate sized genome that replicates in 
5 cellular nuclei; many serotypes are clinically innocuous; adenovirus genomes appear 
to be stable despite insertion of foreign genes; foreign genes appear to be maintained 
without loss or rearrangement; and adenoviruses can be used as high level transient 
expression vectors with an expression period of weeks to several months. Extensive 
biochemical and genetic studies suggest that it is possible to substitute up to 7-7 5 kb 

10 of heterologous sequences for native adenovirus sequences generating viable 
conditional, helper-independent vectors (Kaufman R.J.; identification of the 
component necessary for adenovirus translations control and their utilization in 
cDNA expression vectors. PN AS USA , 1985 82:689). As examples, the invention 
provides adenvirus vectors designated Ad/RSV-CTLA4I g (mu)-BPA and AdVRSV- 

15 CTLA4Ig(hu)-BPA. 

AAV is a small human parvovirus with a single stranded DNA genome of 
approximately 5 kb. This virus can be propagated as an integrated provirus in 
several human cell types. AAV vectors have several advantage for human gene 

20 therapy. For example, they are trophic for human cells but can also infect other 
mammalian cells; (2) no disease has been associated with AAV in humans or other 
animals; (3) integrated AAV genomes appear stable in their host cells; (4) there is 
no evidence that integration of AAV alters expression of host genes or promoters 
or promotes their rearrangement; (5) introduce genes can be rescued from the host 

25 cell by infection with a helper virus such as adenovirus. 

HSV-1 vector system facilitates introduction of virtually any gene into non- 
mitotic cells (Geller et al. an efficient deletion mutant packaging system for a 
defective herpes simplex virus vectors: Potential applications to human gene 
30 therapy and neuronal physiology. PNAS USA . 1990 87:8950). 
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Another vector for mammalian gene transfer is the bovine papilloma vims-based 
vector (Sarver N, et al., Bovine papilloma virus DNA: A novel eukaryotic cloning 
vector. Mol Cell Rioi i 981; 1:486) 

Vaccinia and other poxvirus-based vectors provide a mammalian gene transfer 
system. Vaccinia virus is a large double-stranded DNA virus of 120 kilodaltons 
(kd) genomic size (Panicali D, et al. ( Construction of poxvirus as cloning vectors: 
Insertion of the thymidine kinase gene from herpes simplex virus into the DNA of 
infectious vaccine virus. Proc Natl Ar^ ^ ttca 1982 . 79:4927; Smith ^ ^ 
infectious vaccinia virus recombinants that express hepatitis B virus surface 
antigens. Nature . 1983 20J2:490.) 



20 



Retroviruses efficiently insert viral genes into host cells (Guild B, et al., 
Development of retrovims vectors useful for expressing genes in cultured murine 
15 embryonic cells and hematopoietic cells in vivo. J Virol 1988; 62:795; Hock RA, 
et al., Retrovirus mediated transfer and expression of drug resistance genes in 
human hemopoietic progenitor cells. Nature 1986; 320:275; Kriegler M. Gene 
transfer and expression. A laboratory manual. New York: Stockton Press, 1990: 1- 
242; Gilboa E, Eglitis MA, Kantoff PW, et al. Transfer and expression of cloned 
genes using retroviral vectors. Biotechniques 1986; 4:504-512; Eglitis AM, 
Anderson WF. Retroviral vectors for introduction of genes into mammalian cells' 
Biotechniques 1988; 6:608-614; Adam MA, Miller AD. Identification of a signal 
in a murine retrovirus that is sufficient for packaging of nonretroviral RNA into 
virions. J Virol 1988; 62:3802-3806; Armentano D, Yu SF, Kantoff PW, et al. 
25 Effect of internal viral sequences on the utility of retroviral vectors. J Virol 1987; 
61:1647-1650; Bender MA, Palmer TD, Gelinas RE, et al. Evidence that the 
packaging signal of Moloney murine leukemia virus extends into the gag region. 
J Virol 1987; 61:1639-1646; DanosO, Mulligan RC. Safe and efficient generation 
of recombinant retroviruses with amphotropic and ecotropic host ranges. Proc Natl 
30 Acad Sci USA 1988; 85:6460-6464; Markowitz D, Gaff S, Bank A. Construction 
and use of a safe and efficient amphotropic packaging cell line. Virol 1989; 
167:400-406; Miller AD, Buttimore C. Redesign of retrovirus packaging cell lines 



WO 96/39514 



PCT7US96/08974 



13 



to avoid recombination leading to helper virus production. Mol Cell Biol 1986- 
6:2895-2902; Miller AD, Trauber DR, Buttimore C. Factors involved in the 
production of helper virus-free retrovirus vectors. Somatic Cell Mol Genet 1986- 
12:175-183; Miller AD, Rosman GJ. Improved retroviral vectors for gene transfer 
and expression. Biotechniques 1989; 7:980-986). 



GENE OF INTEREST 



The gene of interest may be any gene of interest. The gene product from the gene 
10 of interest includes proteins or nucleic acid sequences such as sense or anti-sense 
molecules. 



For example, the gene of interest may encode a protein selected from the group 
consisting of cytokines, enzymes, antibiotics, toxins, antimetabolites and precursors 
15 thereof. Suitable cytokines include interferons, GM-CSF interleukins, tumor 
necrosis factor (TOT) (Wong G. et al. , Human GM-CSF: Molecular cloning of the 
complementary DNA and purification of the natural and recombinant proteins 
Science 1985; 228:810); WO9323034 (1993); Horisberger MA, et al., Cloning and 
sequence analyses of cDNAs for interferon- and virus-induced human Mx proteins 
20 reveal that they contain putative guanine nucleotide-binding sites: functional study 
of the corresponding gene promoter. Journal of Viminpy 1990 Mar, 64(3): 1171-81 ; 
Li YP et al., Proinflammatory cytokines tumor necrosis factor-alpha and IL-6, but 
not IL-1, down-regulate the osteocalcin gene promoter. Journal of Tn^ m,^, 
1992 Feb 1, 148(3):788-94; Pizarro TT, et al. Induction of TNF alpha and TNF 
25 beta gene expression in rat cardiac transplants during allograft rejection, 
^ ^^tation , 1993 Au 8. 56(2):399-404). (Breviario F, et al., Interleukin-1- 
inducible genes in endothelial cells. Cloning of a new gene related to C-reactive 
protein and serum amyloid P component. Journal of Binlnp jcal Chemistry 1992 
Nov 5, 267(31):22190-7; Espinoza-Delgado I, et al., Regulation of IL-2 receptor 
30 subunit genes in human monocytes. Differential effects of IL-2 and IFN-gamma. 
Joutnaloflmmunolopy , 1992 Nov 1, 149(9):2961-8; Algate PA, et al., Regulation 
of the interieukin-3 (IL-3) receptor by IL-3 in the fetal liver-derived FL5.12 cell 
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Une. Blood, 1994 May 1 , 83(9):2459-68; Cluitmans PH. et al. , IU down-regulates 
IL-2, IL-3-, and GM-CSF-induced cytokine gene expression in peripheral blood 
monocytes. .Annals of HemaMoPY, 1994 Jun, 68(6):293-8; Lagoo, AS, et al., IL-2, 
IL-4, and IFN-gamma gene expression versus secretion in superantigen-activated T 
cells. Distinct requirement for costimulatory signals through adhesion molecules. 
Journal of Trpmn^lopy , 1994 Feb 15, 152(4): 1641-52; Martinez OM, et al., IL-2 
and IL-5 gene expression in response to alloantigen in liver allograft recipients and 
in vitro. Translation , 1993 May, 55(5): 1159-66; Pang G, et al., GM-CSF IL-1 
alpha, IL-1 beta, IL-6, IL-8, IL-10, ICAM-1 and VCAM-1 gene expression and 
cytokine production in human duodenal fibroblasts stimulated with 
^polysaccharide, IL-1 alpha and TNF-alpha. Clinical a „H 
Inimunc-logy , 1994 Jun, 96(3):437-43; Ulich TR, et al. , Endotoxin-induced cytokine 
gene expression in vivo. HI. IL-6 mRNA and serum protein expression and the in 
vivo hematologic effects of IL-6. Journal of 1^,^ 1991 Apr h 146(7):2316 _ 
23; Mauviel A, et al., Leukoregulin, a T cell-derived cytokine, induces IL-8 gene 
expression and secretion in human skin fibroblasts. Demonstration and secretion in 
human skin fibroblasts. Demonstration of enhanced NF-kappa B binding and NF- 
kappa B-driven promoter activity. Journal nf fam^nfrpy 1992 Nov j 
149(9):2969-76). 
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25 



Growth factors include Transforming Growth Factor-a (TGFa) and fi (TGFB), 
fibroblast growth factor (FGF), platelet derived growth factor (PDGF), epidermal 
growth factor (EOF), insulin-like growth factor aGF), cytokine colony stimulating 
factors (Shimane M, et al., Molecular cloning and characterization of G-CSF 
induced gene cDNA. Biochemical and Bionhvsical R^^h Communistic I994 
Feb 28, 199(l):26-32; Kay AB, et al. , Messenger RNA expression of the cytokine 
gene cluster, interleukin 3 (IL-3), IL-5, and granulocyte/macrophage colony- 
stimulating factor, in allergen-induced late-phase cutaneous reactions in atopic 
Journal of Experimental Medir™ 199! Mar t n3(3yj 75 _ 8 . de Wjt H> 
30 et al., Differential regulation of M-CSF and IL-6 gene expression in' monocytic 
cells - B ritish Journal of Haematojopy , 1994 Feb g6(2):259-64; Sprecher E, et al., 
Detection of IL-1 beta, TNF-alpha, and IL-6 gene transcription by the polymerase 
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chain reaction in keratinocytes, Langerhans cells and peritoneal exudate cells during 
infection with herpes simplex virus-1. Archives of Vimlnpy 1992, i26(l-4):253- 
69). 

5 Suitable enzymes include thymidine kinase (TK), xanthine-guanine 
phosphoribosyltransferase (GPT) gene from E. coli or E. coli cytosine deaininase 
(CD), or hypoxanthine phosphoribosyl transferase (HPRT). 

Suitable oncogenes and tumor suppressor genes include ugu, EGF, rag (including 
10 H, K, and N ras), p53, Retinoblastoma tumor suppressor gene (Rb), Wilm's Tumor 
Gene Product, Phosphotyrosine Phosphatase (PTPase), and nm23. Suitable toxins 
include Pseudonionas exotoxin A and S; diphtheria toxin (DT); E. coli LT toxins, 
Shiga toxin, Shiga-like toxins (SLT-1, -2), ricin, abrin, supporin, and gelonin. 

15 DOSAGES OF SOLUBLE CTLA4 MOLECULES 

The most effective mode of administration and dosage regimen for the molecules of 
the present invention depends upon the location of the tissue or disease being 
treated, the severity and course of the medical disorder, the subject's health and 
20 response to treatment and the judgment of the treating physician. Accordingly, the 
dosages of the molecules should be titrated to the individual subject. 

The interrelationship of dosages for animals of various sizes and species and humans 
based on mg/m 2 of surface area is described by Freireich, E.J., et al. Cancer 

25 Chemother. , Rep. 50 (4): 219-244 (1966). Adjustments in the dosage regimen may 
be made to optimize me tumor cell growth inhibiting and killing response, e.g., 
doses may be divided and administered on a daily basis or the dose reduced 
proportionally depending upon the situation (e.g., several divided does may be 
administered daily or proportionally reduced depending on the specific therapeutic 

30 situation). 
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In accordance with the practice of the invention an effective amount for treating a 
subject may be between about 0.1 and about lOmg/kg body weight of subject. 
Also, the effective amount may be an amount between about 1 and about 10 mg/kg 
body weight of subject. 

It would be clear that the dose of the composition of the invention required to 
achieve cures may be further reduced with schedule optimization. 

SOLUBLE CTLA4 MOLECULES 



10 



Examples of soluble CTLA4 includes CTLA4Ig, any functional portion of a CTLA4 
molecule which binds a B7 antigen expressed on activated B cells. For example 
the functional CTLA4 molecule comprises the 187 amino acids shown in SEQ ID 
NO 14 beginning with alanine at position 1 and ending with asparagine at position 
15 187. Alternatively, the functional CTLA4 molecule comprises the- 125 amino acids 
shown in SEQ ID NO 13 beginning with alanine at position 1 and ending with 
asparagine at position 125 of the amino acid sequence of the extracellular domain 
of the CTLA4 protein. 



20 



25 



30 



The functional CTLA4 molecule may be joined to a non-CTLA4 protein sequence 
such as a portion of an immunoglobulin molecule. Examples of soluble CTLA4 
molecules include soluble CTLA4-p97 molecule; soluble CTLA4-env gpl20 
molecule; soluble CTLA4-E7 molecule; and soluble CTLA4-ova molecule. 

In one embodiment the soluble CTLA4 molecule is CTLA4Ig having the amino acid 
sequence corresponding to the CTLA4Ig fusion protein has been deposited with the 
American Type Culture Collection (ATCC) in Rockville, Maryland, under the 
provisions of the Budapest Treaty on May 31, 1991 and has been accorded ATCC 
accession number: 68629. 

ADVANTAGES OF THE INVENTION: Gene therapy is a novel form of 
molecular medicine that will have a major impact on human health in this and the 
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next century. Gene therapy has the possibUity of correcting inherited genetic 
disorders like cystic fibrosis, hemophilia, familial hypercholesterolemia, cancer, 
AIDS, Parkinson's disease, Alzheimer's disease, and infectious diseases. 

5 Recombinant viral vectors are attractive vehicles for gene therapy because they are 
efficient at transferring genes into somatic tissues. However, before applicants- 
invention, their use was limited in clinical gene therapy because transgene 
expression becomes transient over time . Further, circumventing transient expression 
through a second or subsequent aclininistration of the virus results in significantly 
10 reduced gene transfer. 

Applicants' discovery lies in the finding that administration of soluble CTLA4Ig, 
before, after, or during in vivo or ex vivo gene transfer into cells, results in 
persistent gene expression by the recombinant viral vector in the subject without 
15 long-term immunosuppression. 

The following examples are presented to illustrate the present invention and to assist 
one of ordinary skill in making and using the same. The examples are not intended 
in any way to otherwise limit the scope of the invention. 



20 



25 



EXAMPLE 1 



This experiment determined that the use of soluble CTLA4Ig molecules results in 
prolonged gene expression after adenovirus mediated gene transfer. 

All animal studies were performed in accordance with the institutional guidelines set 
forth by the University of Washington. All animals were housed in specific 
pathogen free facilities (SPF). 

30 Mice (e.g. , C3H/HeJ mice) were injected with recombinant adenovirus diluted to 
100 Ml in DMEM media (Hyclone) by tail vein irifusion. Previous studies have 
shown that 80% to 90% of hepatocytes are transduced with this dose of adenovirus 
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(Q. Li, M.A. Kay, M. Finegold, L.D. Stratford-Perricaudet, S.L.C. Woo (1993) 
Human Th^yy 4, 403). 

Murine muCTLA4Ig or L6 (placebo) were diluted in pyrogen free physiologic saline 
5 and administered in 200 to 400 M l by IP injection. Blood samples were obtained by 
retroorbital technique. Animals were sacrificed by cervical dislocation. 

The construction, production and purification of the recombinant El deficient Ad5 
vector (Ad/RSVhAAT) was as described (Kay et al. Hepatology 21:815-819 
10 (1995)). A single recombinant virus preparation was used for L6 controls and 
muCTLA4Ig experimental animals. All virus preparations were found to be 
negative for the presence of contaminating wildtype virus as described (D. Barr et 
al. (1995) Gene Therapy 2:151-155). 

15 C3H/HeJ mice were infused with Ad/RSVhAAT an adenovirus that directs 
expression of human alpha 1 -antitrypsin, in transduced hepatocytes, and treated with 
either muCTLA4Ig or L6 (a control monoclonal antibody). 

Persistence of gene expression in individual animals was detennined by periodic 
20 serum quantitation of human alpha 1 -antitrypsin (hAAT). 

In Figure 1, sixteen female C3H/HeJ mice 6 to 8 weeks of age were infused with 
5 x 10» pfu of Ad/RSVhAAT adenovirus by tail vein on day 0. In panels A and C, 
the animals received 200 of murine CTLA4Ig (IP) on day 2 (n=4, solid circlesj 
25 or days 0, 2, 10 (n=4, open circles). Control animals received equivalent amounts 
of a control antibody (L6) on day 2 (n=4) (solid squares) or days 0, 2, 10 (open 
squares) (n=4). 



Figure 1 panels B and D were repeat experiments. Ten mice were infused with 
Ad/RSVhAAT adenovirus on day 0. Animals received either soluble CTLA4Ig 
(n=5, open circles) or L6 (n=5, open squares) on days 0, 2, 10. Periodic serum 
samples were analyzed for (A) hAAT, (B) hAAT (Kay et al. 1995, supra) or (C) 
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CTLA4Ig, (D) CTLA4Ig by EUSA. Each line represents an individual animal 
EUSA assays were performed in at least duplicate for each measurement. 

Murine CTLA4Ig serum concentrations were performed by EUSA assay. Human 
B7-1-Ig (50 ng in 50 M l bicarbonate buffer P H 9.6) was coated onto 96-well 
Immulon-2 plates. The washed and blocked wells were plated with diluted serum 
samples or diluted standard muCTLA4Ig. After binding and washing, 50 „1 (1/5000 
dilution) of horseradish peroxidase labeled goat anti-mouse IgG2a Southern 
Biotechnology, Birmingham, AL) was incubated at room temperature for 1 hour. 
After washing, the horseradish peroxidase was detected using 3,3\5,5' 
tetramethylbenzidine (Sigma). The reaction was stopped using 50 M l of IN sulfuric 
acid. Absorbanae at 450nm (reference 630nm) was performed using a microtiter 
plate reader (Biorad) and concentrations were determined using a linear regression 
of the standard curve. The sensitivity was 0.1 ng/ml. 



Figure 2 provides spleen proliferation assay results on days 4 (Figure 2 panel A), 
11 (Figure 2 panel B) or 18 (Figure 2 panel Q after the administration of 
Ad/RSVhAAT, splenocytes were isolated by hypotonic lysis and cultured as 
described in flat bottom 96 well plates (D.B. Lewis et al. (1991) J. Exn Med 173 
20 89). 

In Figures 2A-C, cells at a concentration of 3 x 10 6 /ml were incubated with varying 
concentrations of UV inactivated Ad/RSVhAAT as indicated. Supernatants were 
harvested at 72 hours for lymphokine assays or cells were pulsed with 3 H-thymidine 
25 and harvested 24 hours later for determination of proliferation. 

Lymphokine assays involve determining murine interferon-? by EUSA using the 
monoclonal antibodies R46A2 and XMG1.2 as capture and detection reagents 
respectively. Murine IL-4 was deterrnined by EUSA using monoclonal antibody 
30 pairs from Pharmingen. Recombinant murine IFN-7 and IL-4 were used as 
standards in each assay. 
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In Figure 3, animals were infused with 5 x 10» pfu of Ad/RS VhAAT on day 0 The 
animals were treated with either L6 (panels b and e) or muCTLA4Ig (panels c and 
f) on days 0, 2, 10. Liver from normal animals were processed in parallel (panels 
a and d). Frozen liver sections from the animals sacrificed on day 18 were 
5 incubated with anti-CD3 (panels a-c) or anti-CD8 (panels d-f) antibodies. Staining 
was with goat horseradish peroxidase conjugate anti-hamster (panels a-c) or anti-rat 
(panels d-f) antibody. Magnification is 50x. 

Immunohistochemical staining was carried out on liver tissues that were frozen in 
10 OCT and sectioned. The following antibodies were used: CD3-biotin (1452C11 
Pharmingen, San Diego, CA), CD 4 (GK1.5, American Type Culture Collection 
(ATCQ), CDS (53-6.7 ATCC), NK (rabbit anti-asialoGMl . Dako), anti-class I- 
biotin (anti-H2K\ 11-4.1 Pharmigen), anti-class n biotin (anti-I-E k 14.4-45, ATCC) 
Biotinylated antibodies were detected with streptavidin horseradish peroxidase 
15 conjugates as appropriate. Matched irrelevant rat or rabbit antibodies were used as 
controls for non-specific staining. The scoring system for portal inflammation was 
based on that described by R.G. Knodell et al., (1981) Hepatology 1,431. 



20 



Eight normal animals were used as controls and scored as 0. The experimental 
groups were scored based on relative staining using a 0 to 4 scale relative to the 
normal animals paralleling a scoring system used by others to grade portal 
inflammation (Yang et al. (1994) Immunity, supra). The average of the two scores 
for each liver section is listed. 

25 Two mice, #14 and #23 had less than 50 ng/ml of serum hAAT probably due to an 
inadequate infusion of Ad/RS VhAAT virus. The number, in parentheses represent 
the mean without animals 14 and 23 (NA = not available). The animals used are 
those shown in Figure 2 and described herein. 



30 



Gene expression was greatly extended in animals that received CTLA4Ig compared 
to the controls (Figures I A-D). All the L6 control animals (n=8) had a greater than 
100-fold decline in serum hAAT concentration between 2 and 7 weeks (Figure 1A) 
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after adenovirus administration to values that were not above background; these data 
are similar to those seen in a previous study (D. Barr, supra). All the muCTLA4Ig 
treated animals maintained high levels of hAAT expression for at least 14 weeks 
(n-8), and 6 out of 8 mice expressed high levels of hAAT for >5 months the 
5 length of the experiment (Figure 1A). There was no difference in hAAT persistence 
in mice given 1 or 3 doses each of 200 M g of muCTLA4Ig. 

A second set of experiments presented in Figure IB gave similar results. Strikingly, 
the period of adenovirus-mediated gene expression was similar to that seen in 
10 previous studies in congenic C3H scid mice that lack antigen specific immunity (D. 
Barr, supra), and to the duration of adenovirus transduced beta-galactosidase 
expression observed in T-cell deficient nude mice (Y. Yang, H.C.J. Ertl, J.M 
Wilson (1994) Immunity. 1, 433; J.F. Englehardt, X. Ye, B. Doranz, J.M. Wilson 
< 1994 ) Proc. Natl Ar^ Sri tic a 91 6196) 

15 

Long-term adenovirus mediated gem expression was not the result of persistent 
immunosuppression. Serum concentration of muCTLA4Ig fell dramatically from 
about 100 Mg/ml to less than 10 ng/ml over a period of 40 to 70 days (Figures 1C 
and D). Successful immunosuppression by CTLA41g is associated with serum 
20 concentrations greater than 1 jig/ml. 

The muCTLA4Ig treated animals were able to mount an immune response to a 
different antigen. To determine this, the muCTLA4Ig and L6 treated animals were 
challenged with a neo antigen, bacteriophage *X 174, 10 weeks after the initial 
25 adenovirus infusion (S. Nonoyama, F.O. Smith, I.D. Bernstein, H.D. Ochs (1993) 
J. Immunol. 150, 3817). 



The bacteriophage *X174 was grown, harvested and purified as in Nonoyama et al. 
supra. 2.5 x 10" pfu in 200 M l was infused I.V. 10 and 14 weeks after adenovirus 
transduction. Phage neutralizing antibody titers were determined weekly for a total 
of 8 weeks post first phage infusion as described. The titers were expressed as Kv 
or rate of phage inactivation over time. In muCTLA4Ig and L6 treated mice the 



WO 96/39514 



PCT/US96/08974 



22 



mean Kv two weeks post primary was 2.2 (range 2.0 to 14) and 3.9 (range 1 5 to 
33), respectively. Two weeks post secondary phage infusion the mean Kv for 
muCTLA4Ig treated animals was 49 (range 3.6 to 1043) and for L6 treated animals 
was 98 (range 15 - 1469). At this time point the percentage of IgG antibody varied 
between 70% and 100% in muCTLA4Ig treated mice and 50% to 100% in L6 
treated animals. 



T cell help is required for efficient antibody production including amplification and 
IgM to IgG isotype switch in response to bacteriophage 0X174 (S. Nonoyama et al 
10 (1993) LExr^lei 178, 1097). Since T cell-dependent B cell responses are 
blocked by CTLA4Ig this provided a sensitive measure of residual muCTLA4Ig 
(B.K. Finck, P.S. Linsley, and D. Wofsy (1994) Scjease 265, 1225; P.S. Linsley 
and J.A. Ledbetter (1993) Ann. Rev. Tmmnnm , n> 191)> 

15 All muCTLA4Ig and L6 treated animals produced normal amounts of IgM and IgG 
neutralizing antibodies in response to primary and secondary bacteriophage 0174 
immunization indicating the absence of biologically active muCTLA4Ig (S 
Nonoyama, P.O. Smith, I.D. Bernstein, H.D. Ochs (1993) Limn^ 150, 3817). 

20 The long-term persistence of hAAT gene expression from muCTLA4Ig treated 
animals suggested that inhibition of the co-stimulatory activation of T-cells was 
responsible for inhibiting cellular immunity directed against viral antigens. To 
determine whether T cell immunologic recognition of adenovirus antigens was 
inhibited with CTLA4Ig therapy, spleen cell proliferation assays were performed in 

25 animals transduced with Ad/RSVhAAT and treated with rauCTLA4I g or L6. 

11 or 18 days after adenovirus infusion, mice were sacrificed and splenocytes 
isolated were stimulated with varying concentrations of Ad/RSVhAAT. Cell 
prohferation by adenovirus primed T-cells was assayed by 3H-thymidine uptake at 
30 72 hours (Figure 2). On day 4 there was minimal 3H-thymidine incorporation in 

either group. 
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On days 11 and 18 dose-dependent, antigen-induced splenocyte proliferation was 
detected in L6 treated controls, but was absent or markedly reduced in the CTLA4Ig 
treated animals (Figures 2B and C). The responses in the muCTLA4Ig treated mice 
were similar to those observed in naive animals that did not receive adenovirus. 

The impairment of the response in the muCTLA4Ig treated mice was specific, since 
proliferation in response to anti-CD3 stimulation was similar in muCTLA4Ig 
treated, L6 treated and naive control mice. 



10 Yang et al. found that the immune response to adenoviral vector transduced 
hepatocytes had the characteristics of a type 1 or TH1 lymphokine response, in that 
interferon^ and IL-2 but not IL-4 were produced by antigen-stimulated splenocytes 
(Y. Yang, H.CJ. Ertl, J.M. Wilson (1994) Immunity 1, 433). The preliminary 
data are consistent with this in that interferon-? was induced (>20 ng/ml) in 

15 Ad/RSVhAAT stimulated cultures from 5 of the 9 L6 treated mice, whereas IL-4 
was not detected (<50 pg/ml). Neither interferon-y nor IL-4 were induced in 
antigen-stimulated cultures from muCTLA4Ig mice or naive control mice. 

Consistent with the results of the in vitro assays, the T cell response to adenovirus 
20 transduced hepatocytes was markedly attenuated in vivo. In assays performed in 
parallel with the lymphocyte proliferation studies, liver sections from normal control 
animals and from mice which received Ad/RSVhAAT 4, 11 and 18 days earlier 
were examined. 



25 To determine the nature of the cellular infiltrate, sections were reacted with a 
monoclonal antibody to CD3, which detects all T cells, with monoclonal antibodies 
to the CD4 and CD8 T cell subsets, class I and class II MHC and with a polyclonal 
antiserum to NK cells. 



30 



Representative sections reacted with antibodies to CD3 and CD8 are shown in 
Figure 3 and all results are summarized in Table 1. There was little or no cellular 
infiltrate in either group after 4 days. However, after 11 and 18 days there was a 
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robust (primarily periportal) infiltrate of T cells in the L6 animals but little 
infiltrate in mice that received muCTLA4Ig. 



or no 



The T cells were predominantly of the CDS subset. Induction of class H MHC 
expression was also diminished in the muCTLA4Ig treated group relative to the L6 
treated group, but the results were more variable than for the T cell markers. There 
was little NK cell infiltration in either group. The animals that were transduced 
with adenovirus had increased hepatocellular staining for class I MHC regardless of 
whether they received CTLA4Ig or L6. 



While cellular immunity is believed to limit the duration of adenovirus transduced 
gene expression, antibody-mediated, humoral immunity is believed to limit 
secondary adenovirus transduction (Y. Yang et al. (1994) Proc. Natl Aran Sri 
USA 91, 4407; Y. Yang, H.C.J. Ertl, J.M. Wilson (1994) Immunity. 1, 433; T.G. 
15 Smith et al. (1993) Nature Generic 5 , 397; Barr et al. supra). 

When antibody production was determined in the mice shown in Figure 1A, 
muCTLA4Ig was found to impede markedly but not ablate production of antibodies 
to the adenovirus vector. 



As shown in Table 2, all L6 treated animals developed neutralizing antibodies to 
adenovirus by 4 weeks after the infusion, whereas the response was delayed and 
attenuated in the muCTLA4Ig treated mice. Nonetheless, 2 of the CTLA4Ig treated 
mice developed neutralizing titers greater than or equal to 16 by 10 weeks after 
25 infusion and only two of the mice failed to develop any detectable neutralizing, 
antibody. 



Neutralizing and isotype specific antibodies directed against adenovirus were 
determined from mice studied in Figures 1A and C. The neutralizing antibody and 
IgG2a titers are listed s the median reciprocal (1/x) titer. The range for each group 
is given in parenthesis (nd = not determined). 
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Neutralizing antibody titer measurements were modified from (D. Barr, supra) 
Briefly, 5 x 10* 293 cells were plated in 96 well plates. Serum samples were heat 
inactivated at 55'C for 40 minutes and 100 ul serum (four fold) dilutions (least 
dilution was 1/16) in DMEM/1% fetal calf serum were mixed with 10„1 of 
Ad.RSV/Jgal (3 x 10> pfu) for 1 hour at 37'C. The mixture was layered onto the 
293 cells for 60 minutes before replacing the virus mixture with fresh media. The 
cells were stained with fl-gal 16 to 24 hours later and the titer was defined as the 
dilution that inhibits 75% staining of 293 cells. By this criteria, all the L6 controls 
that received adenovirus had neutralizing titers greater than or equal to 1/32, 
whereas only two of the muCTLA4Ig mice had neutralizing titers that were equal 
to or greater than 1/16. The serum from two muCTLA4Ig treated animals had no 
inhibition of 0gal staining at a 1/16 dilution, whereas the serum from four of these 
animals had less than 75% inhibition of 0gal staining at a 1/16 serum dilution, 
indicating the presence of low titer adenovirus neutralizing antibody. IgM, IgGl 
and IgG2a antibodies were determined by coating wells of microliter plates 
(Dynatech Immunolon) with the optimal amount (50 ng/well) of UV-inactivated 
Ad/RSVhAAT in carbonate buffer (pH 9.6). After the plates were blocked they 
were incubated sequentially with serum samples (diluted from 1:100 to 1:6400 for 
IgGl and IgG2a, diluted 1:100 to 1:800 for IgM), then detected with horseradish 
peroxidase-conjugated goat antibodies to mouse IgGl, IgG2a (Southern 
Biotechnology) or IgM (Tago). The lowest dilution yielding an optical density 
>0.100 (IgGl and IgG2a) or >0.050 (IGM) above that obtained with serum from 
naive control was defined as the titer. 
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Virtually all of the virus-specific antibody detected by isotype-specific ELISA at 6 
and 10 weeks was of the IgG2a isotype. Each of 8 L6 treated mice developed high 
titers of IgG2a antibodies. The IgG2a response was markedly diminished in the 
muCTLA4Ig treated mice, although 6 of 8 ultimately developed detectable antibody 
titers of s 100. One L6 treated mouse had measurable antibody of the IgGl isotype 
(1:400) and one muCTLA4Ig treated mouse had measurable IgM antibody (1:400) 
detected on the 6 and 10 week samples. The IgG2a isotype predominance is 
consistent with a type I or TH1 lymphokine response by T cells, since such T cells 
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produce interferon-y, which favors the production of this isotype while inhibiting 
IgGl production, whereas IL-4 produced by type II or TH2 T cells has the opposite 
effect (W.A. Paul and W.E. Seder (1994) CeJJ 76, 241; L. Nguyen, D.M. Knipe 
and R.W. Finberg (1994) J t Irnmunol, 152, 478); these results are consistent with 
5 the lymphokine results presented above. 

The preponderance of IgG2a antibodies in both groups of mice, albeit in much 
reduced amounts in the muCTLA4Ig treated group, suggests that this agent 
markedly attenuated but did not alter the nature of the humoral immune response 
10 that developed. 

To determine whether the low levels of antibodies in muCTLA4Ig treated mice were 
sufficient to impair gene expression with a secondary adenovirus vector, another 
experiment similar to those shown in Figure 1 was carried out. Nine weeks after 
15 the first administration of Ad/RSVhAAT (when muCTLA4Ig was no longer 
detectable), the animals received an infusion of Ad.RSVcFTX that expresses canine 
factor IX (M. A. Kay, et al. (1994) Proc. Natl a™h sm m 91> 2353)f ^ 0f 
without a second treatment with muCTLA4Ig. 



20 



None of the mice expressed canine factor IX. This most likely reflects 
neutralization of the adenoviral vector by low levels of antibody present in the 
muCTLA4Ig treated mice, despite continued expression of the initial gene product, 
hAAT. 



The results from this study indicate that adniinistration of muCTLA4Ig for a brief 
period near the time of systemic vector adnimistration led to persistent adenovirus 
mediated gene expression. The transient immunosuppression by muCTLA4Ig 
markedly attenuated T cell infiltration into the liver, the principal target organ, in 
vivo and antigen-induced T cell responses assayed in vitro. It is likely that these 
effects on T cell reactivity are causally related to the long term persistence of 
adenovirus transduced hepatocytes, in contrast to immune-mediated clearance 
observed in controls. 
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This is the first report of substantive, therapeutic enhancement of adenovirus 
mediated gene expression in vivo. These results contrast markedly with the minimal 
enhancement of adenovirus mediated gene expression from the liver achieved with 
continuous daily administration of cyclosporin A (J.F. Englehardt, X. Ye, B. 
Doranz, J.M. Wilson (1994) Proc. Natl. A«h Sri ttq^ 91> 6196) 



The results most closely parallel those achieved with a persistent genetic defect in 
T cell or T and B cell function due to the nude, scid or RAG2 mutations (Yang et 
10 al. (1994) PNAS; Yang et al. (1994) Immunity; Barr et al., supra), which like the 
muCTLA4Ig treated mice, continued to express the transduced gene for >5 to 6 
months, the duration of the periods of observation. Strikingly, the transient nature 
of the muCTLA4Ig induced immunosuppression required to achieve long term 
adenovirus mediated gene expression contrasts with the continuous 
immunosuppression provided by these genetic defects and suggests persistent gene 
expression may be achieved without long term immunosuppression and its resultant 
adverse effects. Despite inhibition sufficient to lead to long term expression of the 
transduced gene, secondary gene transduction was not possible. 

20 This likely reflects the efficient neutralization of the secondary vector by low levels 
of residual circulating neutralizing antibodies. Other immunologic based therapies, 
possibly in combination with less antigenic adenovirus vectors (Englehardt et al., 
supra) may be necessary for the development of true antigenic tolerance that will 
allow for repeat systemic adenovirus delivery. 



The liver is a quiescent tissue under normal conditions and it is not possible to 
accurately predict how long the nonchromosomal, nonintegrated adenovirus genome 
will persist in hepatocytes or other tissues in the absence of immune destruction. 
Studies comparing the persistence of adenovirus mediated gene expression in 
immunodeficient animals with immunocompetent animals undergoing 
immunotherapies such as the one described here will be helpful in detennining the 
limitations imposed by the immune system on the duration of gene expression as 
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EXAMPLE 2 

Preparation nf PTT A 4Ig Adenovirus - 

5 The constructs Ad/RSV-CTLA4Ig(mu)-BPA and Ad/RSV-CTLA4Ig(hu)-BPA were 
prepared by directional cloning of gene clean purified HindUl/Xbal human and 
murine CTLA4Ig fragments into the HindUl/Xbal sites between the RSV (Rous 
sarcoma virus LTR) promoter and BPA (Bovine polyadenylation signal) of the left- 
end adenovirus plasmid Ad/RSV-BPA (derived from PXCJL. 1). Each of these two 

10 left-end adenovirus plasmids were then co-transfected with the right-end adenovirus 
plasmid pBHGlO using a standard Calcium Phosphate transfection protocol, and the 
recombinant adenovirus was rescued after 14-18 days. The adenovirus was then 
plaque purified, and clones for each found to express the human and murine 
CTLA4Ig protein by EUSA assay, were expanded and purified over two Cesium 

15 Chloride gradients. 

The Bicistronic HAAT (Human alpha-l-antitrypsm protein)/human and murine 
CTLA4Ig left end vectors were prepared by cloning the purified, T4 DNA 
polymerase polished, Hindlll/Xbal Human and Murine CTLA4Ig fragments into the 

20 unique Smal site between the Poliovirus internal ribosome binding sequence 
(POLIO) and BPA in the pKS plasmid containing RSV-HAAT-POLIO (SMAI)-BPA. 
Recombinants found to contain the CTLA4 fragments in the appropriate orientation 
were digested with Xhol and the RSV-HAAT-BPA-CTLA4Ig-BPA purified fragment 
cloned into the unique Xhol site in the pXCJL.l left-end adenovirus plasmid (same 

25 back-bone as the Ad/RSV left end plasmid). Recombinant viruses are currently 
being rescued as described above. 

4 x 10 9 PFU of the Ao7RSV-CTLA4Ig(mu)-BPA recombinant adenovirus has been 
injected into the tail veins of three C3H mice and produced maximum serum levels 
30 of 2369,2168, and 1762 ng/ml of plasma 3 weeks after injection. The Ad/RSV- 
CTLA4Ig(hu)-BPA adenovirus has been injected into several C3H mice and plasma 
levels of CTLA4Ig(hu) evaluated. 
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EXAMPLE 3 

The humoral immunity directed against the adenovirus vector is blunted but not 
eliminated with CTLA4Ig administration. Thus, we used CTLA4Ig with antiCD40 
ligand (MR1) to prolong gene expression and allow for secondary gene transfer. 

The animals received adenovirus (Ad/RSV-hAAT, 5 x 10 9 pfu) on day 0, CTLA4Ig 
(200 ng) on days 0, 2, 10 and MR1 (250 M g) on days 0, 2, 4, and 6. L6 (placebo) 
was diluted in pyrogen free physiologic saline and administered in 200-400 /xl by IP. 

All of the animals have persistent gene expression. All of the L6 controls went to 
0 gene expression by 2-6 weeks. Half of the animals have no detectable neutralizing 
antibodies. Similarly, half the animals could be transduced a second time with a 
recombinant adenovirus vector (Ad.RSV-cFK). Thus, combined MRl/CTLA4Ig 
therapy has potential to prolong gene expression and allow for secondary gene 
transfer. The latter is the result of blocking humoral immunity. 

Table 3 provides data showing that at least with half the animals one is able to give 
second dose of virus and have successful adenoviral gene transfer. 
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TABLE 3 



Mouse 
Number 



B 

Gene 

expression 
from first 

Ad.RSVhAA 
T 

infusion 
(O*wkl0) 



Serum HAAT 
level 



Gene 

expression 
from second 
Ad.RSVcFK 
on week 14 
(6 days after 
infusion) 



Serum CFIX 
level 



Neutral- 
izing 
AdV 
antibody 
titers 



Ab Titer 



Ab Titer 



2152- 
combined 



1535 



217 



<1:16 



1:16 



2153- 
combined 



1269 



<200 



<1:16 



2154- 
combined 



1402 



432 



<1:16 



1:16 



<1:16 



2156- 
combined 



435 



<200 



<1:16 



1:16 



8 



2157- 
combined 

2158- 
combined 



2166- 
CTLA41g 



9 
10 
12 



2173- 
jMRllg 

2175- 
MRllg 

2184-L6 



150 
1671 



210 
914 



<1:16 
<1:16 



129 



<200 



<1:16 



1326 



1510 



0.5 



<200 



<200 



1:16 



< 1:16 



1:256 



1:64 
<1:16 



1:64 



1:256 



<1:16 



> 1:1024 
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What is claimed is: 



1. 



10 



15 



20 



25 



A method for prolonging the expression of a gene of interest by a cell, 
wherein the cell (a) includes a recombinant nucleic acid sequence for the 
gene of interest and (b) is capable of expressing the protein encoded by the 
gene of interest, the method comprising contacting the cell with an amount 
of a soluble CTLA4 molecule effective to prolong the expression of the gene 
of interest by the cell. 

A method for treating defective, diseased or damaged cells in a subject by 
enhancing the expression of a recombinant protein encoded by a gene of 
interest from cells transfected with the recombinant gene of interest in 
accordance with claim 1. 

A method for treating a subject suffering from a disease, wherein at least 
one cell of the subject (a) includes a recombinant nucleic acid sequence for 
the gene of interest and (b) is capable of expressing the protein encoded by 
the gene of interest that is capable of inhibiting the disease or symptoms 
associated therewith, the method comprising administering to the subject an 
amount of a soluble CTLA4 effective to enhance expression of the gene of 
interest by the subject. 

The method of claim 1 further comprising contacting the cell with an 
antibody which recognizes and binds the CD40 ligand. 

The method of claim 3 further comprising administering to the subject an 
effective amount of an antibody which recognizes and binds the CD40 
ligand. 



6. 



method of claim 4 or 5, wherein the antibody is a monoclonal antibody. 
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7. The method of claim 3, wherein the subject is an animal subject. 

8. The method of claim 7, wherein the animal subject is a human. 
5 9. The method of claim 1, wherein the cell is an animal cell. 

10. The method of claim 9, wherein the animal cell is a human cell. 

11. The method of claim 1, wherein the gene of interest is inserted in a 
10 recombinant vector. 



12 . The method of claim 1 1 , wherein the recombinant vector is a viral 



vector. 



13. The method of claim 12, wherein the viral vector is a retrovirus vector, an 
15 adenovirus vector, or a vaccinia virus vector. 

14. The method of claim 12, wherein the adenovirus vector is Ad/RSV- 
CTLA4Ig(mu)-BPA. 

20 15. The method of claim 12, wherein the adenovirus vector is Ad/RSV- 
CTLA4Ig(hu)-BPA. 

16. The method of claim 1 or 3, wherein the gene of interest encodes a protein. 

25 17. The method of claim 16, wherein the protein is a cytokine and is selected 
from the group consisting of platelet derived growth factor (PDGF), 
epidermal growth factor (EGF), fibroblast growth factor (FGF), IGF, 
transforming growth factor (TGF), interleukin (IL), interferon (INF), and 
tumor necrosis factor (TNF). 

30 
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18. The method of claim 1 or 3, wherein the soluble CTLA4 is a functional 
CTLA4 molecule which binds a B7 antigen expressed on activated B cells. 

19. The method of claim 1 or 3, wherein the soluble CTLA4 molecule is 
5 CTLA4Ig. 

20. The method of claim 18, wherein the functional CTLA4 molecule is the 
extracellular domain of CTLA4. 

10 21. The method of claim 18, wherein the functional CTLA4 molecule is joined 
to a non-CTLA4 protein sequence. 

22. The method of claim 21, wherein the non-CTLA4 protein sequence is at 
least a portion of an immunoglobulin molecule. 



15 



23. The method of claim 1 or 3, wherein the cell 



is a connective cell. 



24. The method of claim 1 or 3, wherein the cell is a fibrous connective tissue 
cell. 



20 



25. The method of claim 1 or 3, wherein the cell is a blood cell. 

26. The method of claim 1 or 3, wherein the cell is a muscle cell. 
25 27. The method of claim 1 or 3, wherein the cell is a nerve cell. 

28. The method of claim 22, wherein the blood cell is a red blood cell. 

29. The method of claim 22, wherein the blood cell is a white blood cell 

30 
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5 31. 



32. 

10 



15 



20 



30. A vector construct comprising a first gene encoding a protein of interest and 
a second gene coding a soluble CTLA4 molecule designated Ad/RSV- 
CTLA4Ig(mu)-BPA. 

A vector construct comprising a first gene encoding a protein of interest and 
a second gene coding a soluble CTLA4 molecule designated Ad/RSV- 
CTLA4Ig(hu)-BPA. 

A pharmaceutical composition for prolonging the expression of a gene of 
interest by a cell, wherein the cell (a) includes a recombinant nucleic acid 
sequence for the gene of interest and (b) is capable of expressing the protein 
encoded by the gene of interest, the composition comprising a 
pharmaceutical^ effective amount of Ad/RSV-CTLA4Ig(mu)-BPA and an 
acceptable carrier. 

A pharmaceutical composition for prolonging the expression of a gene of 
interest by a cell, wherein the cell (a) includes a recombinant nucleic acid 
sequence for the gene of interest and (b) is capable of expressing the protein 
encoded by the gene of interest, the composition comprising a 
pharmaceutically effective amount of Ad/RSV-CTLA4Ig(hu)-BPAand an 
acceptable carrier. 



33. 



34. A method for treating defective, diseased or damaged cells in a subject 
comprising administering the pharmaceutical composition of claim 32 or 33 
25 into the cells of the subject to produce functional molecules in a sufficient 

amount to ameliorate the defective, diseased or damaged cells in the central 
nervous system. 
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